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Abstract
This study was designed to determine if innovative strategies such as the use of
technology and Supplemental Instruction (SI) could have an impact on students in
an introductory statistics course. The study describes the use of a reliable
instrument to measure students’ attitudes and beliefs about mathematics. Martha
Tapia developed the Attitudes Toward Mathematics Inventory (ATMI) instrument
in 1996 and later Lim and Chapman further refined a short form in 2012. The
purpose of the ATMI was to measure mathematics attitudes in four ways: (1)
enjoyment of mathematics, (2) motivation to do mathematics, (3) self confidence
in mathematics, and (4) perceived value of mathematics (Lim & Chapman, 2012).
Students took the ATMI assessment on the first day of class. Throughout the
semester, incorporated technology such as MyStatLab™, StatCrunch™, and the
online Meta-Calculator were an integral part of the statistics classroom. Multiple
SI sessions were held weekly for students to attend. At the end of the semester,
the students took the ATMI a second time. The study used the statistical analysis
of matched-pairs t-test to show the impact of these strategies on the attitudes of
college students towards mathematics.
In addition to the ATMI, the study included an additional questionnaire, which
showed that a course such as Elementary Statistics, different from other
mathematics courses, had a positive impact on the attitudes of students toward
mathematics. Students that attended at least one SI session had only positive
things to say about how helpful they were. The ATMI results analysis showed
significant increases in the enjoyment of mathematics. Furthermore, the attitude
of the females in the class showed an increase on 31 of the questions, 25 of which
were significant. Overall, there were significant gains from the use of
Supplemental Instruction in improving the attitudes of students toward
mathematics.
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High Impact Strategies and the Effect it has on Students’ Mathematics Attitudes
Governors State University (GSU), founded in 1969 was an upper-division
public university admitting juniors, seniors, and graduate students only. Starting
in the fall semester of August 2014, freshmen enrolled for the first time making
GSU a 4-year full-service University, thus requiring newly offered courses. A
new set of challenges for providing support for these students emerged,
particularly with increasing numbers of mathematics courses moving towards
digitally-based textbooks and courses.
One solution for providing additional support in mathematics courses
involves the implementation of publisher-supplied online teaching tools such as
electronic textbooks, computer software, and homework portals. With the
increased number of computers and internet-based learning on college campuses
in recent years, publishers have created these additional resources. These
programs keep up with the ever-improving technology field by offering
immediate feedback to students in the form of practice problems, video lessons,
and online tutoring. Publishers also provide many electronic resources to teachers
such as test generators, homework problems, videos, and power-point
presentations. In the field of statistics specifically, technology has changed how
statisticians analyze and compute data. Statisticians use software to simulate
experiments, test hypotheses, calculate probabilities, and a number of different
goodness of fit tests. These methods can be used in the classroom to better explain
concepts rather than focusing on data entry and computation (Bratton, 1999). One
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goal of this study was to determine how students felt about the incorporated
technology.
To make sure students received all of the help they needed; the University
offered face-to-face tutoring and started a Supplemental Instruction (SI) program.
Tutoring had previously been available in the Academic Resource Center;
however, more tutors and SI leaders joined to accommodate the anticipated need
of freshman students. Studies on other collegiate campuses indicated that the SI
program raises grades and lowers the attrition rate (Ogden, Thompson, Russell, &
Simons, 2003; Etter, Burmeister, & Elder, 2000).
Elementary Statistics was a new course offered with 102 students enrolled
across five different sections. Within the student population, 98 agreed to
participate in the study. These 98 students, followed through their first semester of
mathematics, took the survey explaining how technology and SI affected them in
the course. Of these 98 students, 41 completed both the pre and post ATMI
assessment. Studying the impact of technology, publisher provided teaching tools,
and SI in conjunction with students’ attitudes towards mathematics provided an
opportunity for the University to determine if these tools had been useful and
should continue for future courses.
Literature Review
This study combined methods and instructional strategies to measure the
effects on students taking an Elementary Statistics course. The two instructional
strategies implemented were Supplemental Instruction and technology in the
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classroom. A seven-question survey evaluated the students’ thoughts about the
course. In addition, the ATMI could measure the level of change in attitude of
students enrolled in the statistics course.
Statistics is a topic that is becoming more relevant for students to learn in
the college setting. More fields outside of science, technology, engineering, and
mathematics now require students to take some level of statistics. It also renders a
valuable skill for students to be able to gather data and then interpret it rather than
just compute numbers. With the focus on reasoning and critical thinking, a course
such as Elementary Statistics is one that can provide students the opportunity to
grow in this area. This shift in general education requirements has caused some
colleges and universities to remove developmental courses and replace them with
a pathway called Statway™ (Asera, 2011). Statway™ is a yearlong statistics
course that integrates developmental mathematics throughout instruction
(Merseth, 2011). The Elementary Statistics course at Governors State University
uses similar ideas from this program.
The first method used in this statistics course was Supplemental
Instruction (SI). Supplemental Instruction is a formalized group study session
with a scheduled meeting time and location facilitated by a student leader.
Weekly SI sessions were open to all students enrolled in the course. Courses with
a history of low grades and high withdrawal rates are courses where Supplemental
Instruction sessions are used (Odgen, Thompson, Russell, & Simons, 2003). The
student leader sits in on all classes and completes all assignments to know exactly
what the students enrolled in the course have covered. The leader conducts the
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session with the goal of promoting conversation among all in attendance, while
also providing extra help in note taking and study skills specific to the course.
Another aspect of this study is the use of technology. In this study,
technology refers to the statistical computing software StatCrunch™, calculators,
and Pearson’s web-based program MyStatLab™. Publishers such as Pearson
provide web-based programs to promote learning. MyStatLab™ has online
textbooks, online tutoring, video tutorials, online statistics software, and online
calculators. Computers and statistical software are an integral part of a
statistician’s job and should therefore be an integral part in an Elementary
Statistics classroom (Bratton, 1999). The use of these tools can increase
conceptual understanding by minimizing the time it takes for computation, thus
increasing time for discussion and explanation (Mills, 2002).
A third part of the study used the Attitudes Toward Mathematics Inventory
(ATMI), which is a 40-question assessment, focused on attitudes toward
mathematics. In 1996, Martha Tapia created this tool (Tapia, 1996). Since its
creation, others such as Lim and Chapman (2013) evaluated the ATMI. This
instrument focuses on questions about enjoyment, motivation, self-confidence,
and the value of mathematics. Each response has a numeric value, which easily
allows statistical analysis of results. The assessment, given at the beginning and
end of the semester, used the results and compared them to see if change had
occurred.
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Statistics as a General Education Course
Studies show that about 60% of new university students are required to
take some type of developmental mathematics course (Merseth, 2011). A
developmental course is one that prepares students for college-level courses by
reviewing skills needed to take a course for credit. Eighty percent of those that are
required to take a developmental mathematics course do not successfully
complete any mathematics course for credit within three years (Strother &
Sowers, 2014). Developmental courses have high failure rates, cause increased
debt, and increase the amount of time before receiving a degree. Because
developmental courses have been a challenge to colleges and students, Carnegie
Foundation tried to determine if it was an issue with the high school, curriculum,
faculty, or first generation students (Merseth, 2011). Students found it challenging
because these courses had no relevance to their degree or the world around them
(Merseth, 2011). As a result, Carnegie Foundation’s President Anthony S. Bryk
decided to investigate and create a program called Statway™.
Statway™ launched in 2009 as an aid to reduce the high failure rates in
developmental mathematics courses. The program’s design was to provide a
yearlong course where students learned developmental mathematics skills along
with statistics earning college credit at the end of the course (Asera, 2011). The
program allows mathematics skills to increase in a problem-based course. A
problem-based course allows students to formulate questions, make plans to
gather and analyze data, as well as draw conclusions at the end (Merseth, 2011).
These skills are essential for a growing number of occupations that require
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decisions to be made under some uncertainty. Similar programs allow students the
chance to create hypotheses, gather data from lab experiments, and interpret
results (Derry, Levin, Osana, Jones, & Peterson, 2000). These courses allow more
time to reason and evaluate after learning statistical concepts, which is a skill
many lack (Derry, et al., 2000).
In order to eliminate developmental mathematics courses, alternative
courses and resources need to be available to students. Statway™ is built to
provide education on succeeding through college and making college support
services more visible and user-friendly (Merseth, 2011). By using intense student
engagement methods focusing on increasing student motivation and tenacity the
program provides skills needed to succeed in college. The program also aims to
motivate students to continue even when they find the material challenging
another aspect of success. Carnegie evaluated their Statway™ program after 2
years in use and found student completion rates at approximately 50%, which was
three times the success at a community college (Strother & Sowers, 2014). They
found that students taking the Statway™ class were able to master concepts at the
same or higher level than college students who took a regular mathematics or
statistics course (Strother & Sowers, 2014). This suggests that developmental
courses on their own may not be necessary if a statistics course implemented
those skills in a course that students can take for credit.
With statistics being a more relevant topic to study and programs such as
Statway™ available, more colleges may implement a general education
requirement of statistics, while other colleges may look to implement a program
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such as Statway™ to eliminate the frustrations and challenges of stand-alone
developmental courses. Carnegie also found that students taking the Statway™
course were not only receiving higher grades and completion rates, but that these
results were relative to actual learning (Strother & Sowers, 2014). Statway™ and
other innovative statistics courses are aimed at increasing the ability to reason,
problem-solve and analyze other’s research reports (Derry et al., 2000). However,
implementation of a new course may require some additional resources to
improve student learning.
Supplemental Instruction
Supplemental Instruction (SI) is a student academic assistance program
originally created by Dr. Deanna Martin at the University of Missouri-Kansas
City (UMKC) in 1973. She created this academic support model to address the
attrition rate for courses in UMKC’s medical school program (Etter, Burmeister,
& Elder, 2000). Although students did not appear to have any weaknesses
academically, some were having difficulty in their medical school courses. Thirty
percent or more of students failed or withdrew from these courses, so the courses
became labeled as high-risk (Ogden, Thompson, Russell, & Simons, 2003).
Martin ran her SI program for high-risk courses and saw increased course grades,
knowledge retention, and lowered attrition rates. Other schools have adopted the
SI model, and in studying its effectiveness, also found higher numbers of As and
Bs, higher GPAs and decreased attrition rates for those who participated in the SI
sessions (Etter, et al., 2000; Ogden, et al., 2003). Since its induction, SI has
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become a feature at many universities in all fields of study such as mathematics,
business, and sciences due to its proactive design.
Supplemental Instruction provides assistance in high-risk courses rather
than for at-risk students. An at-risk student is as a student who has a higher
probability of failing academically or dropping out of school. The focus of SI is to
provide additional support in classes that many students struggle with by
providing them with additional skills needed to succeed. This method allows all
students in a course to participate in SI sessions. SI sessions are formalized study
sessions held outside of class with the help of a peer leader or graduate student
that has had success in the course themselves (Ogden, et al., 2003). The SI leader
serves as a model student, attending class as scheduled, and completing all
assignments (Etter, et al., 2000). These leaders then conduct sessions immediately
before and after class to address questions or areas of concern. The goal is to
make each SI session comfortable and engaging for all students in attendance.
This encourages students to be open and willing to contribute to session
discussions (Congos & Schoeps, 1993). SI can create an environment that allows
students to problem solve, reason, or analyze in order to develop study skills that
they can apply in future courses.
Conducting a Supplemental Instruction session has a set of guidelines to
make management and implementation as effective as possible. The leader should
start by focusing on topics known to be difficult (Etter, et al., 2000). The leader
should also have prepared questions, examples, practice tests, and handouts
available for students (Etter, et al., 2000; Ogden, et al., 2003). As an expert in the
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class, the leader can offer mnemonics or other creative tricks to help students
remember material and vocabulary terms (Blanc, DeBuhr, & Martin, 1983). Even
though the SI leader seems to take on a teacher role, they are essentially a
facilitator. When questions arise, the SI leader redirects to the students to promote
discussion (Etter, et al., 2000). This allows SI to be a true study session and not
just another lecture. In addition, when students are active in their learning, they
may retain more. The leader should encourage students to create possible test
questions before supplying students with a review handout (Congos & Schoeps,
1993). One goal of attending SI sessions is for students to learn how to study for a
particular subject and to create their own study groups in future semesters.
There are many other features and advantages of Supplemental
Instruction. One advantage is that it is a tutoring tool (Blanc, et al., 1983).
Although this is not its main goal, SI can allow for tutoring a group of students.
This is especially useful when class time does not allow for many examples.
Students also have the ability to have an extra guide available to meet with as
questions arise. This gives students flexibility and opportunity to get questions
answered. Even if students only work with one other person, the course instructor,
or the SI leader, SI is set up to allow communication and feedback about student
progress (Blanc, et al., 1983). If both the course instructor and SI leader are
enthusiastic and willing to promote SI, it can be a very effective program.
Supplemental Instruction also has the potential to provide a positive
impact on students’ learning; however, it does have its limitations. SI requires
student leaders to lead the sessions. At a smaller university, it may be more
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difficult to acquire a SI coordinator and the number of SI leaders needed for highrisk courses. It also requires money and training, which can also be difficult to
attain at universities. Unfortunately, the two SI leaders in this study were not
officially trained. They were informed of the expectations by the mathematics
chair.
Another limitation of SI is with its ability to reach every student enrolled
in the course. High-risk students tend to be reluctant to seek out assistance and
may not be willing to attend or remain in SI sessions (Blanc, et al., 1983). These
students may need to be required to attend SI sessions, but that may also be
difficult to do, as a student does not receive a grade for attending a SI session
(Hodges, 2001). Still other students just may not be interested in attending
voluntary, out-of-class study sessions (Etter et al., 2000).
Even with these limitations, SI can still be very effective in improving
students’ grades and attitude towards school for those who choose to participate.
Martin et al. (1993) found that students that attended SI became independent selfeducators who were more likely to re-enroll the next semester and ultimately
graduate.
Technology
Computational technology, such as calculators and statistical software,
continues to improve in the mathematics field and especially in statistics. With
technology becoming more prevalent and routine in the world today, it is more
important than ever that college courses prepare students to be experts in the use
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of technology. The use of computational technology in the classroom can also
promote further understanding and development of statistical concepts by
allowing tedious computations to take place more quickly than by hand. One
example would be creating a graph such as a scatterplot and showing its
corresponding line of best fit.
Constructivism is a theory of philosophical education where students
construct new knowledge by experiencing, transforming, organizing and
reflecting on data or experiences (Mills, 2002). Statistical software provides the
opportunity for students to input data and manipulate it to see how results change
quickly. The National Council of Teachers of Mathematics (NCTM) list in the
Principles and Standards for School Mathematics technology as one of its six
principles, stating that it enhances student learning. NCTM (2000) states,
“Technology is essential in teaching and learning mathematics; it influences the
mathematics that is taught and enhances students' learning” (p. 3). Technology,
when used appropriately, allows students to investigate and to leave additional
time for decision-making, reflection, and reasoning (National Council of Teachers
of Mathematics, 2000).
Another feature of using computational technology for mathematics is that
it allows for fewer errors and increases accuracy in calculations and graphs
(Chance, Ben-Zvi, Garfield, & Medina, 2007). This can shift the focus of learning
from memorizing complex statistics formulae to understanding what was
calculated and why it is important. Therefore, students may be better able to
justify their conclusions. The use of computational technology decreases the time
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for each problem, allowing students the opportunity to review many different
examples in a shorter amount of time. Just as calculations are easier with
mathematics software, graphs are also easier to create and manipulate. A few
clicks allow students to repeat processes or see how a graph or calculations
change by manipulating data (Chance, et al., 2007). This allows quick addition
and deletion of data, as well as new values calculated, and new graphs created in a
minimal amount of time. Students can then compare two graphs and data values
evaluating the changes that occurred.
Focusing specifically on statistics, professional statisticians use software
and computational technology on a daily basis. This suggests that the use of
statistical software should be an important part of a statistics course. Software
should be even more prevalent in an introductory statistics course as these
students are learning to think statistically. Statistics software can easily create
graphs allowing user manipulation and more time to explain graphs. This is one
benefit of using technology in a statistics course. Calculations that involve
concepts such as standard deviation, permutations, and combinations are very
tedious to compute by hand (Bratton, 1999). These concepts are first taught
showing the long computation, and then followed by allowing students to use
technology making the process easier and allowing time to make sense of the
values. Large data sets built into textbook exercises allow in-class use of the
statistics software. Students are able to practice with software in class and
compute accurate results. The use of technology makes concepts such as
probability tables and calculation of the critical value in a hypothesis test less
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necessary (Bratton, 1999). This is because the focus has shifted to computer
software supplying the probability value rather than the student looking it up in a
table.
With access to statistics software, the focus can be more on the concepts
versus procedural fluency. One example is calculating a critical value when
evaluating a hypothesis. This process by hand involves eight steps increasing the
possibility of error. However, the use of statistics software has caused a shift
toward using the p-value method to replace the critical value for determining
significance as a widely adopted method by statisticians (Bratton, 1999). Statistics
software allows for quick calculation allowing student the time and opportunity to
examine these reasons and explain their findings.
Attitudes Toward Mathematics Inventory
Studies have shown that the use of Supplemental Instruction and
computational technology can improve student learning in a course such as
statistics (Chance, et al., 2007; Ogden, et al., 2003). The next question considered
was if there was also an improvement in a student’s attitude in a statistics course
when these methods are used. Several different mathematics attitude assessments
are available, including Attitudes Toward Statistics, Mathematics Self-Concept
Scale, Test Attitude Inventory (Perney & Ravid, 1990) and the Fennema-Sherman
Mathematics Anxiety Scale (Lim & Chapman, 2013); however, this study used the
Attitudes Toward Mathematics Inventory (ATMI).
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The ATMI was chosen because of its range of questions on different
aspects of mathematics and because it took an average of 15 minutes to complete.
This was an ideal amount of time to take from class to complete the survey. Tapia
originally created this instrument in 1996 for high school students. It originally
consisted of 49 questions and has since been revised it to its current form of 40
questions. Twenty-nine items are positively written statements about mathematics
and eleven are negative. ATMI uses a five-point Likert scale with options from
strongly disagree to strongly agree (Tapia, 1996). The assessment is broken down
to measure four different categories including enjoyment, motivation, selfconfidence, and value. The complete version of the ATMI is in appendix B.
The first category is comprised of 10 statements that measure enjoyment.
This category measures how much students like the subject and the process of
working on mathematics (Tapia & Marsh, 2004). Nine of the ten items are
positive statements about mathematics, with just one being a negative statement.
The statements in the enjoyment category labeled by numbers on the inventory
list are as follows:
3. I get a great deal of satisfaction out of solving a mathematics problem.
24. I have usually enjoyed studying mathematics in school.
25. Mathematics is dull and boring.
26. I like to solve new problems in mathematics.
27. I would prefer to do an assignment in math than to write an essay.
29. I really like mathematics.
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30. I am happier in a math class than in any other class.
31. Mathematics is a very interesting subject.
37. I am comfortable expressing my own ideas on how to look for solutions
to a difficult problem in math.
38. I am comfortable answering questions in math class.
Martha Tapia (1996, January 1)
Figure 2.4.1- Enjoyment Statements

The second category is comprised of five statements that measure
motivation. These statements measure a student’s interest in the field of
mathematics and the likelihood of pursuing it further (Tapia & Marsh, 2004).
Four of the five items in this category are positive statements about mathematics;
again, there is only one negative statement. The motivation statements on the
inventory are as follows:
23. I am confident that I could learn advanced mathematics.
28. I would like to avoid using mathematics in college.
32. I am willing to take more than the required amount of mathematics.
33. I plan to take as much mathematics as I can during my education.
34. The challenge of math appeals to me.
Martha Tapia (1996, January 1)
Figure 2.4.2- Motivation Statements
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The third category is comprised of 15 statements that measure selfconfidence. These statements measure how a student feels about mathematics in a
course, as well as working on mathematics (Tapia & Marsh, 2004). Here a student
evaluates feelings when thinking and working on mathematics. Nine of these
items are positive statements while six are negative statements about
mathematics. The self-confidence statements on the inventory are as follows:
9. Mathematics is one of my most dreaded subjects.
10. My mind goes blank and I am unable to think clearly when working
with mathematics.
11. Studying mathematics makes me feel nervous.
12. Mathematics makes me feel uncomfortable.
13. I am always under a terrible strain in a math class
14. When I hear the word mathematics, I have a feeling of dislike.
15. It makes me nervous to even think about having to do mathematics
problem.
16. Mathematics does not scare me at all.
17. I have a lot of self-confidence when it comes to mathematics.
18. I am able to solve mathematics problems without too much difficulty.
19. I expect to do fairly well in any math class I take.
20. I am always confused in my mathematics class.
21. I feel a sense of insecurity when attempting mathematics.
22. I learn mathematics easily.
40. I believe I am good at solving math problems.
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Martha Tapia (1996, January 1)
Figure 2.4.3- Self-Confidence Statements
The fourth category is comprised of 10 statements that measure value.
These statements measure the level to which a student believes mathematics is
useful to them (Tapia & Marsh 2004). All of the value items are positive
statements about mathematics. The value statements on the inventory are as
follows:
1. Mathematics is a very worthwhile and necessary subject.
2. I want to develop my math skills.
4. Mathematics helps develop the mind and teaches a person to think.
5. Mathematics is important in everyday life.
6. Mathematics is one of the most important subjects for people to study.
7. University math courses would be very helpful no matter what I decide
to study.
8. I can think of many ways that I use math outside of school.
35. I think studying advanced math is useful.
36. I believe studying math helps me with problem solving in other areas.
39. Strong math background could help me in my professional life.
Martha Tapia (1996, January 1)
Figure 2.4.4- Value Statements
Tapia (1996), and others such as Marsh II (2004) and Lim and Chapman
(2013), have tested the ATMI assessment on different students of varying ages,
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levels of education, and ethnicities. Tapia’s first study was on bilingual high
school students in Mexico City, while her second study involved college-aged
American students. Lim and Chapman worked with mathematics students in some
of the pre-tertiary institutions in Singapore. In all cases, there was a high
correlation of results and reliability of the assessment. Tapia, and later Lim and
Chapman, tested the ATMI assessment using Cronbach alpha coefficients, Chi
Squared goodness of fit, item-to-item correlation, the root-mean square error of
approximation, the non-normed fit index, and the expected cross-validation index.
In Tapia’s first study, the Cronbach alpha coefficient was .9667 with a standard
error of 5.67 (Tapia, 1996). In a later survey the Cronbach alpha coefficient was
.95 and the standard error was 5.42 (Tapia, 2004). Lim and Chapman (2013)
found Chi squared/degrees of freedom values of 7.11 and 8.93 as well as
standardized root mean residuals of .07. The assessment also had goodness of fit
of .75 and .71, non-normed index values of .97, and comparative fit index values
of .97 that correlated to an alpha .001 level of significance. Research done by Lim
and Chapman (2013) found that a Chi-squared /degrees of freedom value between
2 and 5 shows good fit, and a standard root mean residual of less than .08 is
indicative of good fit. The remaining index values should be greater than .90.
Most of the values that returned showed good internal consistency and the
data had strong correlation indicating reliability. Lim and Chapman (2013) found
some of the questions to be redundant and therefore created an even shorter
version of the ATMI consisting of 19 questions. Even so, they claimed that the
ATMI is a “promising instrument for measuring mathematics attitudes” (p. 162).
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Tapia (2004) continued to test her instrument and in each case found similar
results, indicating a “reliable instrument that demonstrates content and construct
validity” (p.16). This survey used Tapia’s ATMI as it had a wider range of items
allowing for more possibility of attitude change.
Research Questions
The purpose of this study was to analyze the quality of the services and
strategies used in the first Elementary Statistics courses offered at Governors
State University and to determine if there was any change in the attitudes of
students toward mathematics over the semester. The purpose of this study was to
evaluate the course, the technology implemented, and the use of Supplemental
Instruction. GSU faculty used the results to revise the course and curriculum as
needed. The research questions are as follows:
1. How was the use of Supplemental Instruction valuable for those that
attended regularly?
2. What were the positive and negative features of the technology component
used in class?
3. Was there any significant change in the attitudes of students toward
mathematics after the implementation of these high-impact strategies?
4. Did the option of a statistics course change the students’ attitude towards
mathematics?
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Methodology

This chapter discusses the methodology used in this study. The first
section describes the population studied. The second section discusses the
instrumentation and different tools used in the course. The third section describes
the procedure in the administration of the surveys. Subsequent sections evaluate
the analysis plan, assumptions, and the scope and limitations of the study.
Population
The population surveyed consisted of 98 students enrolled in five different
sections of Elementary Statistics through the 2014-2015 school year. Four of the
classes occurred in the fall semester and the other class in the spring semester.
One professor taught three of the fall sections and a second professor taught the
remaining sessions. The classification of the student population is shown in the
following figure:
Table 4.1.1
Classification of Population
Male

Female

35

63

Graduate
Student
3

Senior

Junior

6

8

Sophomore Freshman
11

70

The sub-population that completed both the pre and post ATMI was 41
students, 30 females, and 11 males. Although the study started with 98 students
who agreed to commit to it, due to factors beyond control, the ATMI portion of
the study completed with 42% of those who initially committed to it. These
factors included student schedule changes, late enrollees, incomplete surveys, and

HIGH IMPACT STRATEGIES

22

absences on the day of the survey. The classification of student population
completing the ATMI is shown in the following figure:
Table 4.1.2
ATMI Sub-population
Male

Female

11

30

Graduate
Student
2

Senior

Junior

1

4

Sophomore Freshman
3

31

Instrumentation
In addition to the Supplemental Instruction and ATMI, this study used the
technology programs MyStatLab™ and StatCrunch™. MyStatLab™ is a web
portal where students can complete homework and quizzes, watch educational
videos, receive help, and view the textbook. StatCrunch™ is the web-based
statistical software package that came along with the MyStatLab™ access. Both
of these products, developed by Pearson, specifically pair with the textbook used
in the course. With the purchase of a code, students gained access to an online
textbook, online tutoring, practice problems, and statistical software. This
provided students access to these tools both in class and at home.
StatCrunch™ was used on a regular basis in class to calculate statistical
values such as mean, median, mode, range, standard deviation, correlation, linear
regression, p-value, z-score, hypothesis testing, confidence intervals, and more. It
provided students quick calculations giving them more time to analyze, evaluate,
and discuss what the results meant. StatCrunch™ is user friendly and allows easy
calculations, graphs, and charts. Due to the timesaving this tool provided, the
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class was able to focus more on conceptual understanding versus procedural
fluency.
Students completed homework assignments using MyStatLab™. While
working on an exercise, students could click different tabs if they needed help.
MyStatLab™ included features such as help me solve this, view an example, and
textbook. The help me solve this feature guides students through the steps of the
problem. The view an example tab shows a completely worked out example of a
problem, explaining the steps along the way. The textbook link allows the student
to see the exact page(s) from the electronic textbook that refers to the current
homework question. Students were able to receive immediate feedback on a
problem as they completed it. Homework can be set up so that if a student gets a
question wrong, he/she has the option to complete a similar exercise to earn credit
for that concept. This allows student the ability to master and earn a 100%
completion score on an assignment. All of these features allow students to get
immediate help and to work towards a perfect homework score.
Supplemental Instruction (SI) was another key part of this study. Each
week of the fall semester, four one-hour long SI sessions were held for the
students. There was one offered Tuesday, another one on Thursday, and two
offered on Friday. Graduate students majoring in mathematics who had also
attended the class lecture led these sessions. The SI leaders worked closely with
the two professors teaching the course. In addition to SI sessions, tutoring was
available to students online or face-to-face in the residence hall and the Academic
Resource Center. SI sessions helped students review concepts learned that week,
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discuss homework problems, and review for tests. SI leaders created chapter
review guides for those students that attended the sessions and listed all of the
topics and problem solving skills covered in the notes. The review guide was a
tool used to help students improve their note taking as well as to review for a test
or quiz.
Procedure
Students enrolled in the Elementary Statistics course were informed about
the study at the beginning of the semester and were asked to sign a waiver either
agreeing to participate or exempting from participation (See Appendix A). Those
students who agreed to participate during the first week of class took the ATMI.
The University identified 30 freshman students as at risk, assigning them to an SI
session. The University labeled them at-risk based on lower ACT scores and high
school mathematics grades. These 30 students participated in a 2-week Early Start
Mathematics program, where high school algebra concepts were reviewed. These
students were expected to attend one SI session per week. Even though attending
an SI session was required for at-risk students, all students currently enrolled in
statistics were also encouraged to attend. At the end of the semester, students who
participated took the ATMI again. Only those that completed the initial
assessment were included in the calculated results. In addition to the ATMI, all 98
students answered a survey consisting of seven questions. This survey asked
students the following constructed response questions:
1. How was this mathematics class different from other mathematics
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classes you have taken?
2. How did the use of technology impact your understanding of the
concepts of statistics?
3. List some of the pros and cons of MyStatLab.
4. How did the use of StatCrunch impact your understanding of the
statistics?
5. How many Supplemental Instruction sessions did you attend? If you
attended, what were the pros and cons of those sessions?
6. How has your attitude towards math changed after taking this class?
7. Any additional comments about the MATH 2100 class?
Figure4.3.2- Constructed Response Questions
Analysis Plan
Responses from the survey were used as qualitative data to address
research questions one, two, and four. The statistics software SPSS was used to
analyze the quantitative data gathered from the ATMI. A matched-pairs analysis
compared the results of the pre-assessment to that of the post-assessment in order
to measure change. A 90% confidence level showed where there were significant
changes in attitudes from before the course compared to after the course. In
addition, the results were analyzed and compared to determine if either gender
scored higher than the other did in individual categories of the instrument
(motivation, value, enjoyment, and self-confidence). This was done to look for
additional significant change in attitude.
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Assumptions
In this study, one assumption made was that the sample of students
surveyed represented the population of the students at the University. Since this
course is a general education requirement, students of any level must take this
course or have taken a similar course at another college or university. Students
enrolled in this class ranged from first-time freshman to working adults
completing a degree, or earning a second degree.
Another assumption was that respondents answered truthfully.
Throughout, the study maintained anonymity and confidentiality. Students used a
part of their student identification number as their identifier in the study. All
respondents volunteered to take part in the study and could withdraw from the
study at any time without ramifications, as this was not a part of the course grade.
A third assumption was that all students had access to the technology used
in class and were aware of and able to attend the Supplemental Instruction
sessions. All students knew at the beginning of the course that an access code for
MyStatLab™ and StatCrunch™ was required. Supplemental Instruction leaders
supplied students with Supplemental Instruction meeting days and times.
Professors distributed this information on a printed sheet of paper to all students
enrolled in the course. This was in addition to having an SI leader in the
classroom who reminded students of scheduled SI sessions.
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Scope and Limitations
The main goal of this study was to see if the use of different strategies,
such as technology, Supplemental Instruction, and a course such as statistics,
could have an impact or change on a student’s attitude towards mathematics.
Until the 2014-15 school year, only juniors, seniors, and graduate students were
on campus. When GSU became a four-year university, they created the new
general education requirement and the original thinking was that this class would
consist only of freshman. However, that was not the case. In fact, 70.7% were
freshman who had started at the university, and the other 29.3% were students
who were already into their studies and had transferred to the university.
The goal in administering the ATMI was to see if there was a change in
how students felt about mathematics and then to measure that change. The study,
strategically given the first and last weeks of the semester, allowed the most
amount of time for students to work with the technology and attend Supplemental
Instruction sessions. The overall hope was that there would be more positive
attitudes toward mathematics with a course offering such as statistics. If there was
an increase in positive attitudes toward the subject, technology, and SI could have
all played an important role in this result. Other possible variables could influence
a student’s attitude toward mathematics such as grades earned, teaching style
versus learning style, and previous experience. With an increase in positive
attitudes, the course would be a wise addition as a requirement for graduation.
One limitation of the study was that the sample size was small. As
previously stated, this could have been due to absences, schedule changes, and
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late enrollment into the course. Results could not be used from students that took
the ATMI only once, as this tool was used to see if there was a change from the
beginning to the end of the course. Repeating the study in future semesters can
continue investigating attitude changes of students enrolled in the statistics
course.
A second limitation was that this study used two survey-based
instruments. The first instrument, ATMI, is verified, but the second, the sevenquestion survey, was developed specifically for this course. Although surveys are
easy to use, administer, and analyze, they do have disadvantages. With the survey
created for this course, there was a chance that questions could have caused
skewed responses. Any time a survey is given there is a chance that the
respondents may not always provide accurate or honest answers. It is also a fact
that different students can interpret the five responses; from strongly disagree to
strongly agree, differently. This can cause unclear data. Students were not able to
give a reason for rating a statement the way that they did.
A third limitation was outside factors that uncontrolled by the study.
Human error is one of those factors, where an error in a response, missed
question(s), or misunderstanding of a statement or questions can cause inaccurate
data, skewing the results. Another factor was those students that were not in class
for both the pre- and post- assessments, limiting the number of completed
assessments analyzed.
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A fourth limitation was that not all students attended SI. SI sessions were
publicized to all students enrolled in Elementary Statistics, however many did not
attend. Possible reasons for student non-attendance were inconvenient time, not
for credit, got all questions answered in class, or feeling that they did not need the
help. However, it is not known why some of the students never attended a session.
Results
Following are the results of the two surveys given to the Elementary
Statistics students. Results appear in the same order as the research questions.
Questions 1, 2, and 4 dealt with qualitative data from the survey. Question 3 dealt
with quantitative data from the ATMI evaluated using a matched-pairs t-test
analysis.
Supplemental Instruction
The first research question asked, how was the use of Supplemental
Instruction valuable for those that attended regularly? In the seven-question
survey, question 5 asked students how many Supplemental Instruction sessions
they attended. The question also asked to list positive and negative aspects about
those sessions. These first responses relate to the program being helpful. One
student said, “They were helpful each time.” A similar response was “I enjoyed
the class and it was worth attending.” Yet another student said, “SI helped me
continue a conversation to better understand problems.” There were three other
students with similar responses of helpfulness.
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Two additional responses about SI related to the SI leader. One student
stated, “I attended five sessions. No cons, only pros: convenient rooms,
appropriate time and excellent instructor.” A similar instructor comment was,
“The sessions were great because sometimes when others didn’t come I could get
one on one instruction. She also answered emails which is great because I work
multiple shifts.” These students found not only the program helpful, but the SI
leaders methods to benefit them.
Every student that attended an SI session had only positive comments
about the program. Still other students received tutoring through the Academic
Resource Center or the residence hall and only had positive things to say about
that support. Students who took the time to attend an SI session stated that they
benefitted from attending. The unfortunate part was only 18 of the 98 students
enrolled in statistics attended one or more SI sessions. Of the 30 at-risk students
who were assigned to SI, nine dropped the course, seven only attended once, five
attended more than once, and the remaining nine never showed. Nine students
attended multiple sessions and their final course grades were two As, three Bs and
four Cs. The rest of the student scores were eleven As, thirty-two Bs, twenty-nine
Cs, fifteen Ds and two Fs. That means that 19% of students enrolled whom never
attended SI did not pass the course. In fact, all the failures were for students who
did not take the time to attend SI sessions. In addition, the average grade of those
who attended SI was 81% B, where the remaining student average was 77% C.
There was evidence to suggest that Supplemental Instruction was beneficial for
those that attended based on comments and grades earned. The hope for SI is to
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reach more students in a course, and this study failed to do so. It would be wise to
research more strategies for getting students to attend SI sessions to determine if it
should be continued.
Technology
The second research question asked, what were the positive and negative
features of the technology component used in class? Through the seven-question
survey, students were asked about the pros and cons of the technology used in
class. StatCrunch™, MyStatLab™, and Meta-Calculator (the online calculator)
were the technologies considered for this question. These questions received
diverse responses. The results from the three questions are below:

StatCrunch
24%

55%

12%
9%
Positive

Negative

No Impact

No Answer

Figure 5.2.1- Statcrunch™ Results
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MyStatLab
4%

19%

10%
67%

Positive

Negative

Both

No Answer

Figure 5.2.2- MyStatLab™ Results

Overall Technology
15%
4%
13%
68%

Positive

Negative

Both

No Impact

Figure 5.2.3- Overall Technology Results

This first set of responses relates to StatCrunch™. Fifty-five percent of
students mentioned only positives about StatCrunch™. One student stated,
“Using technology helped tremendously in helping me understand the formulas
and how they are used to formulate the answers to statistical problems.
StatCrunch helped a lot with homework and preparing for the test.” Another
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student also expressed a similar opinion saying, “StatCrunch enhanced my
understanding of stats by providing various means by which to compute statistical
problems precisely.” Some students commented on the real-world applications
and time saving features of the technology. One student said, “Technology had a
great impact on my understanding of the course concepts. It made it simple, fast,
and reliable.” Another student commented, “It helped me realize how long it
would take without it.” Still another stated, “The use of technology was great. In
the real world that is how math is done.”
The second set of responses relate to MyStatLab™, where homework
assignments were completed. In this category, 19% of students had only positive
comments about the program and 67% listed both positives and negatives. One
student said, “I was only able to get on it a few times, but during that time it was
relatively easy to comprehend. If you got a question right or wrong, most of the
time it would explain to you why the answer you got was right or wrong.”
Similarly another student said, “Online (I always lose paper), time limit, gives
you a grade right away. If I got a problem wrong it would explain to me what
exactly I did wrong and how to find the right answer.” Fourteen students
commented on the ability of the program to show them what they did wrong and
how to correct it on future problems. Still other students chose to comment on the
availability of the help. One student commented, “It teaches by example and there
is always assistance.” Another chose to say, “Even though my teacher is reliable,
she cannot be there at 1:00 a.m. when I finally get the chance to start my
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homework. The technology gives me the help I need to solve a problem, almost
like a tutor. The tech slowly helps step by step and I preferred that.”
Taking all of this into consideration, StatCrunch™ and overall use of
technology were seen as benefits to the majority of students. MyStatLab™, on the
other hand was not viewed as positively, with 67% of students listing both
positive and negatives about the program. Additionally, not all students
experienced the same benefits from technology.
In addition to the positive comments about technology, plenty of
responses that showed students did not like the use of technology in the
mathematics classroom. When it came to technology in general, 13% listed only
negatives. StatCrunch™ received 9% negative responses, 12% no change and
24% no answer. MyStatLab™ received 10% negative responses in addition to the
67% negative and positive responses combined. Some of these students exhibited
a very traditional view of mathematics and thought that hand calculation with
paper and pencil worked best. One student said, “I don’t like turning in math
homework if it isn’t on paper.” Similar comments were, “Math should be on
paper so you can hand figure it out” and “To be honest I personally do not enjoy
using technology when it comes to math. I want to know how to do it and see how
it is done.” Another student preferred working with others stating, “I liked
working together in class to create a solution.” These students felt that they could
get a better understanding of the mathematics if they worked out the problems by
hand as well as with other students.
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Another group of students that stated technology was not beneficial for
them found that it was harder for them to keep track of assignments using webbased tools. One student said, “MyStatLab was hard for me to keep track of.”
Similarly another student stated, “Logging in is yet another password to
remember, and reading text on screen is tiring, books are better.” A third student
also commented negatively saying, “Having to buy it and remembering to check
for new assignments.” These students found the web-based programs harder to
keep track of, an additional website to check, and tiring to look at.
Another drawback to the web-based environment was that there were
occasional times that the online service did not work appropriately and
experienced glitches or offline maintenance. One student stated, “Sometimes all
the assignments did not submit or were not available.” There were also times
where deadlines needed an extension due to website maintenance. Each of these
problems left a negative impact on the learning of those students. In addition to
these negative comments, eleven students specifically expressed that the cost for
access to these web-based programs was too high in comparison to performing
these tasks by hand.
Technology is a constantly changing field and is becoming more
accessible; however, not everyone has the opportunity to access all the same
resources. Age, income, and previous experience can all influence the level of
comfort that a student has when it comes to using technology as compared to the
hands-on method of learning. Considering different students have different
learning styles, it not surprising that some students prefer the use of technology,
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whereas others do not see the same benefits. Due to the variety of components
used to deliver the Elementary Statistics material this year, the results of this
study may provide insight into what are the most effective strategies for teaching
freshman statistics. The specific use of StatCrunch™ resulted in a majority of
positive statements. The use of StatCrunch™ or alternative statistic software does
seem to be a generally positive addition to the classroom. MyStatLab™ seems to
be the biggest issue when it came to technology. Sixty-seven percent of the
students found the program to be both beneficial and a hindrance. Students may
benefit from additional training on the use of the software. This topic requires
reassessment over the coming year to see if these results change as the course
continues. This would also help determine if professors should continue
implementing MyStatLab™ in the course.
Attitudes Toward Mathematics Inventory
The third research question asked, was there any significant change in the
attitudes of students toward mathematics after the implementation of these highimpact strategies? The ATMI was used to answer this question since it was as a
pre- and post- assessment. This allowed matched-pairs analysis to compare the
two means of the pre and post assessment data. The results of this analysis
showed a positive attitude change toward mathematics for 26, 5 significant,
statements while 12 showed a negative change, 2 significant, in attitude toward
mathematics, and two had no change at all. The analysis used a 90% confidence
interval to measure significant change. The analysis used the following
hypotheses:
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The null hypothesis: 𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 − 𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 = 0.

The alternate hypothesis: 𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 − 𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 ≠ 0.
Figure 5.3.1- Matched Pairs Hypotheses
Since the mean scores could have increased or decreased, analysis
required a two-tailed test. Responses to seven statements came back as having a
significant change from the beginning of the semester to the end of the semester.
Five of these statements were positive attitude changes and two were negative
changes. The statements that showed significant positive changes were item
numbers 3, 19, 21, 25, 30, 31, and 38, with item numbers 19 and 21 showing
significant negative changes. Full results are in Appendix D.
Item 3, relating to the enjoyment of mathematics stated, “I get a great deal
of satisfaction out of solving a mathematics problem.” There was a significant
difference in scores between the pretest (M = 3.10, SD = 1.14) and the posttest (M
= 3.61, SD = 1.14); t (40) = -3.55, p = 0.001. Since this statement was a positive
statement about mathematics, an increase in mean values shows an increase in
satisfaction in solving a mathematics problem. One can also infer that enjoyment
increased specifically when it came to solving problems.
Item 19 related to the self-confidence category and stated, “I expect to do
fairly well in any math class I take.” There was a significant difference in scores
between the pretest (M = 3.63, SD = 0.92) and the posttest (M = 3.39, SD = 0.83);
t (40) = 2.127, p = 0.040. This statement showed a significant decrease in the
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students’ attitude toward mathematics. This statement was a positive statement
about mathematics and a decrease in mean score shows a decrease in selfconfidence. Even though there was a decrease here, student scores were still
above neutral which overall shows an initially positive attitude towards
mathematics.
Similarly, item 21 was also from the self-confidence category and stated,
“I feel a sense of insecurity when attempting mathematics.” There was a
significant difference in scores between the pretest (M = 2.44, SD = 1.10) and the
posttest (M = 2.71, SD = 1.03); t (40) = -2.216, p = 0.032. This statement was a
negative statement of mathematics so an increase in mean score shows a decrease
in self -confidence. However, both of these scores 2.44 and 2.71 are in the
disagree level of the Likert-scale. This means even though the students moved
closer to a neutral stance on this statement, they still were on the disagreeing side.
One would hope to see that students feel secure about attempting mathematics but
that did not occur here.
Item 25 stated, “Mathematics is dull and boring.” There was a significant
difference in scores between the pretest (M = 2.95, SD = 1.28) and the posttest (M
= 2.68, SD = 1.01); t (40) = 2.314, p = 0.026. Since a value of three was neutral,
the study showed that the students’ stance moved towards disagreeing with this
statement. This statement was a negative statement about mathematics and the
results showed a decrease in mean score, implying that students’ enjoyment
toward mathematics had increased over the semester. One can also infer that
students found mathematics to be more exciting and interesting. Statway was
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designed to make mathematics more relevant. Since there were significant results
that students found mathematics less boring than before, then the course may have
succeeded in making mathematics more relevant to students.
Item 30 stated, “I am happier in a math class than in any other class.”
There was a significant difference in scores between the pretest (M = 2.24, SD =
1.16) and the posttest (M = 2.66, SD = 1.11); t (40) = -2.88, p = 0.006. This
statement was a positive statement about mathematics, so an increase in the mean
score shows an increase in the attitude of the student’s enjoyment towards
mathematics. These results indicate that after completing the statistics course,
students felt happier about participating in future mathematics classes. With this
significant increase, methods used in this course may have succeeded in making
mathematics more enjoyable to students.
Item 31 stated, “Mathematics is a very interesting subject.” There was a
significant difference in scores between the pretest (M = 2.95, SD = 1.14) and the
posttest (M = 3.32, SD = 1.11); t (40) = -2.36, p = 0.023. This statement was a
positive statement about mathematics and the goal was to see scores increase.
Based on the matched-pairs analysis, it seems as though the students found
mathematics more interesting and enjoyable after taking the statistics course.
Item 38 stated, “I am comfortable answering questions in math class.”
There was a significant difference in scores between the pretest (M = 3.00, SD =
1.10) and the posttest (M = 3.39, SD = 1.00); t (40) = -2.39, p = 0.022. Again,
responses showed an increase in score, which for a positive statement about
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mathematics shows growth in the enjoyment of mathematics. This also means that
students felt more comfortable answering questions when it came to mathematics.
The items that showed a significant decrease were both from the selfconfidence category. This category had 15 items on the assessment. Six questions
showed a slight increase, seven showed a decrease with two as significant, and
two remained the same. There was not much change when it came to selfconfidence that was significant. It seems that the methods used in this class did
not have much impact on the total self-confidence of a student. Those that started
with a more positive attitude tended to stay that way.
The items that showed a significant increase were from the enjoyment
category, which was comprised of ten statements. In fact, all ten of those
questions regarding enjoyment showed some degree of increase from the
beginning of the semester to the end of the semester. This study can conclude that
there was a significant change in the students’ attitudes when it came to enjoying
a mathematics course or a feeling of enjoyment while completing mathematics
problems. One can also infer that even if enjoyment was not high for all students,
that there was growth in this category.
The remaining two categories did not show significant change, but are
worth noting. The value category had ten items all of which were positive
statements about mathematics. The mean scores for all the value items ranged
from 3.12 to 4.20. With all the items being positive statements about mathematics,
any score over three shows average agreement with the statement and a positive
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attitude when it relates to the value of mathematics. Therefore, even without
significant change, the mathematics attitude of the students as it pertained to value
was definitely a positive one throughout the semester. This also means that it was
not possible to measure if SI, technology, and a statistics course had a significant
impact on a student’s value of mathematics.
The motivation category was comprised of five items. While three showed
an increase, two showed a decrease. Four of the motivation statements were
positives about mathematics. The average scores of these showed students slightly
agreed with one, but disagreed with the other three. For the one negative
statement, mean scores showed disagreement. This category did not have any
significant change. Given this information, it was hard to determine if the
motivation of students changed when it came to mathematics.
An additional analysis compared genders. This compared the pre and post
mean values between the 11 males and 30 females. This required an analysis
using matched-pairs, but this time by each gender specifically. For the preassessment, the males had higher initial scores on 36 of the 40 questions that
indicated that males had a more positive attitude toward mathematics. Analysis of
the post-assessment results indicated females had increased their attitude on 31 of
the 40 items. Overall, the males scored higher on 26 items compared to the 14
items of the females (See appendix E). Of those 31 items on which the females
showed some growth, nine of them showed significant growth when using a 90%
confidence level. The growth occurred in three of the four categories; five in the
enjoyment category, two in the self-confidence category, and two in the value
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category. One could infer that although the males had an initial more positive
attitude toward mathematics, females mathematics attitude became more positive
throughout the semester.
Statistics Attitude
The final research question asked, did the option of a statistics course
change the students’ attitudes towards mathematics? For most of the students in
this study, this was the first and only statistics course that they had taken or would
take. Since statistics has real-world applications, it meant that focusing on
students reasoning abilities was necessary rather than focusing only on
computation. When students responded to question 6 about their attitudes toward
mathematics or statistics, there were definitely those who felt there was not any
change in their attitude and those that still disliked mathematics. Eleven percent
had a negative response. Three students specifically stated their dislike for
mathematics. One student said, “It’s frustrating and tedious.” Another student
stated, “It just left me more confused.” Still other students commented on the
difficulty of mathematics and that it would not steer them in the direction they
would like to go. The next group of students, 35%, wrote that their attitude did not
change/stayed the same. All of these responses were in the form of “It did not
change,” “stayed the same,” or “I still feel the same about math.” Even though
these were not increases in attitude toward mathematics, this 35% did not indicate
that their attitude toward mathematics had become more negative after this
course.
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Despite the many students that did not state in question 6 of the sevenquestion survey that they had a change in attitude, 54% of students felt that this
course improved their attitudes toward mathematics and statistics. These students
found statistics to increase their enjoyment, motivation, confidence, and attitude
towards mathematics. The first positive responses dealt with an increase in the
enjoyment of mathematics, which was one of the areas tested on the ATMI. One
student said, “I’m not going to lie, after time passed by in this class, I really
started to enjoy it. First time I’ve been good and interested in a math class.” A
second student said, “I like it much better now. At the beginning it was just a
prerequisite, but I actually enjoyed it.” Similarly, a third said, “I enjoy statistics
just because it can be useful every day.” These students found their experiences in
the course increased the enjoyment they have when working on mathematics. The
category of enjoyment showed an increase on the ATMI on all items with half of
them being significant. These students found this statistics course to be the reason
they enjoy mathematics more.
The next set of responses are a sample from seven students who found that
their confidence level increased after taking this statistics course. One student
said, “It’s still a daunting subject, but I’m a bit more confident I can learn it.” A
similar remark was, “In the beginning I was terrified of statistics (math is not my
strong point) however, I’m a little more relaxed about the subject.” Still three
other students commented that they felt more comfortable with mathematics
because they learned the material. One student said, “This class is different
because everything really clicked in my head and it felt like I actually learned
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something unlike my past math classes.” A second student said, “I am more
comfortable with math now because I learned something new.” A third simply
said, “I think I can conquer any math.” Taking this statistics course may have
increased the confidence level of some of the students, even though the ATMI did
show some decrease in self-confidence over the entire sample.
The next responses are a sample from the eight students who were
motivated to take more mathematics after this course. One student said, “I’m
more open to the idea of taking advanced mathematics.” Similar responses were,
“I’m more open to different math courses” and “I’m very interested in taking
more.” A fourth response was, “I had a positive attitude and was willing to learn
even when it was challenging.” Even if the class was challenging, these students
found that they were motivated to complete the work and were interested in
pursuing more mathematics.
The breakdown of responses was 11% negative, 35% no change and 54%
positive change. It was interesting to note that, without prompting, half of the
students that listed a positive change made comments in regards to three of the
four categories that the ATMI measured: enjoyment, self-confidence, and
motivation. No single mathematics course is going to be able to change every
student’s opinion about the subject; however, enrolling in a different type of
course and learning a new topic helped some students to realize that not all
mathematics is daunting. One student stated, “My attitude towards math
improved.” Many of these students were able to grow in their confidence from
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taking this statistics course, as was stated by this student, “The teacher taught me
that you can learn it even if you aren’t good at math.”
Fifty-four percent of students thought the course as a whole positively
influenced their attitude and 11% felt worse. Unfortunately, there are not a lot of
specifics as to what helped that increase. It may have been due to some of the
strategies implemented, however further study would need to be done. All of this
suggests that an Elementary Statistics course may be a good general education
requirement for Governors State University’s curriculum and that it may have the
ability to improve a student’s mathematics attitude.
Conclusion
This was the first year that Governors State University offered Elementary
Statistics. Since this course was a first for many students, they needed many tools
to use in terms of technology and academic assistance including tutoring, onlinehelp, SI sessions, and classrooms with computers. Many positive outcomes have
come from offering this course. Many students found that their attitude towards
mathematics had become more positive after taking a statistics course. Since this
course involved more problem solving and was applicable to the real world
(Merseth, 2011), it gave students the opportunity to see the value of mathematics
in real life situations. Some of the students even commented that this course
applied to their life. Considering statistics is a topic that more majors are
requiring, elementary statistics courses could help students in their future studies.
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Supplemental Instruction and additional academic assistance were
valuable additions to the course for those who attended. When a college or
university decides not to offer developmental mathematics courses, additional
assistance needs to be available to students. SI sessions were formalized study
sessions, with the SI leader providing handouts and practice problems such as
Odgen, et al. (2003) suggested. When referring to the first research question, how
was the use of Supplemental Instruction valuable for those that attended regularly,
it was evident that SI was a vital part of this course as it allowed students to
receive validation of their thoughts. In fact, every student that attended only had
positive things to say about the program. All those students that attended SI
sessions passed the course. However, with only 18% of the students participating,
it did not do its job. There is evidence to suggest that SI is beneficial to those who
attend, however if it is not reaching enough all the students who need it, it may
not be of as much value. It would have been beneficial to the study to see more
students attend and give feedback. This suggests that those that attend SI sessions
may have higher grades and are more likely to return in future semesters (Etter, et
al., 2000). SI did prove to provide passing grades for those who attended multiple
times (two As, three Bs, and four Cs). The university may benefit from offering
SI again to further study the impact on students, and to find additional methods to
attract students. It would also be beneficial to determine the reasons why students
chose not to attend SI sessions.
When referring to the second research question, what were the positive
and negative features of the technology component used in class, it had its
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benefits and pitfalls. The class deemphasized memorizing formulas and focused
on developing fundamental concepts such as Bratton (1999) suggested. Some
students did find this to be helpful. However, due to the different skill levels and
preferences among students, some preferred to use technology while others did
not. In the coming years, the fluency of students and evolving technology will
most likely continue to grow, making courses such as statistics easier to gain
traction and implementation. Students were able to explore new concepts,
analyze, and interpret large data sets with accuracy (Chance et al., 2007) which
again was a positive for some students. In addition, as technology becomes more
available to all, the hope is that the comfort level would be higher. The use of
technology to help with complex calculations should continue, as this is what
statisticians do (Bratton, 1999). The role of technology, and to what extent it is
used should continue to be evaluated to determine the best and most appropriate
ways for it to be implemented. This could be different at each university, based on
the programs available and the needs of students who enroll. Technology and the
level to which it is used may have an impact on the overall attitude of a course.
Those that enjoyed using technology may have positive attitudes about the course
where those that did not like the use of technology may have had a negative
change in attitude. Since technology is required in many jobs, those who do not
like the technology may need additional support when working with these
programs.
The last two research questions asked about significant change in
mathematics attitude, and more specifically did the option of a statistics course
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change the student’s mathematics attitude. Technology, Supplemental Instruction,
and a real-world course such as statistics could all have influenced a student’s
attitude toward mathematics. Since some students found more enjoyment,
motivation, and self-confidence in mathematics when commenting about this
course, all of these factors could have made an impact. SI has proven to increase
grades (Congos, et al., 1993), which could influence a student’s attitude toward a
subject. Similarly, statistical technology has the ability to increase accuracy,
which can increase confidence to solve mathematics problems. The ATMI
showed positive attitudes when relating to enjoyment, value and self-confidence.
Students did not state specifically what about the course had the most impact on
their change in attitude, so this would be a question to pose to the next sections of
the course. While one may not be able to pinpoint exactly which strategy was the
deciding factor, as this could be different for each student, the combination of SI,
technology and real-world problem solving may have had some impact on the
change in students’ attitudes toward mathematics.
It would be wise to continue to study the Elementary Statistics course,
technology implemented, SI, and how these may influence a student’s
mathematics attitude. Further study could determine which of these factors
affected the different aspects of attitude measures by the ATMI. It may also be
beneficial to determine how to make SI more available to students, and how to get
more students to attend the sessions. In addition, the use of technology should
continue to be evaluated, as there were mixed reviews on the use of it in class.
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Furthermore, not all technology is the best, so reviews of other products is
necessary to make sure students have the best options available.
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